Etioplasts isolated from barley leaves and purified on a Sephadex G-50 (coarse) 
The pigment phytochrome exists in two forms: Pr, with an absorbance maximum at 660 nm; and Pfr, with an absorbance maximum at 730 nm. Photoconversion between the two forms occurs in response to irradiation, and through this property the molecule controls a large number of developmental processes occurring in plants.
Physiological evidence points strongly to an association of phytochrome with membranes. When phytochrome is present in the presumably active, Pfr form, a change in the functional properties of the membrane is thought to occur as an early consequence of Pfr action (1) (2) (3) (4) . The primary action of phytochrome at the membrane level, and the way in which an initial change in membrane properties leads to the observed developmental effects, are still unknown. Valuable knowledge, however, would be obtained from the study of a cell-free system in which phytochrome controls a specific biochemical process. In this communication we report evidence that some of the cellular phytochrome is located in the etioplasts, where it controls rapidly, and in vttro, the efflux of gibberellin-like substances across the etioplast envelope.
METHODS AND MATERIALS
Preparation of Plant Material. Seedlings of Hordeum vulgare L. cultivar Julia (Stevens, Shardlow, Derbyshire, England) were grown on moist cotton wool at 240 for 6 days in total darkness. Harvesting, and all subsequent procedures, were carried out under a dim green safe light. Segments of the first leaf were cut 3 cm long, 1 cm from the apex and immediately chilled on ice. All further procedures were carried out at 50.
Abbreviation: Mr, molecular weight.
Isolation of Etioplasts. Etioplasts were isolated by a modification of the method of Wellburn and Wellburn (5) . The laminae were finely chopped with a razor blade and gently homogenized in 25 mM N-morpholino-3-propanesulfonic acid (MOPS) containing 3 mM EDTA (disodium salt), 250 mM sucrose, and 0.2% bovine serum albumin, adjusted to a final pH of 7.5 . In all experiments involving phytochrome estimation, 2-mercaptoethanol was added to a concentration of 14 mM. A tissue to buffer ratio of 1:2 was used. The homogenate was gently exuded through 12 layers of cheese cloth. The resulting filtrate had a pH of 7.1, which was maintained throughout the isolation procedure. The filtrate was centrifuged at 6000 X g for 1 min in a Sorvall model RCB-2 Superspeed centrifuge, and the pellet was washed and recentrifuged. The final crude plastid pellet derived from 80 g fresh weight of leaf tissue was resuspended in 4 ml of buffer and loaded onto a loosely packed Sephadex G-50 (coarse) gel filtration column, 50 cm long and 1.1 cm diameter. Fractions, 0.5 ml in volume, were eluted from the column, and one-drop fractions were taken at intervals for routine measurement on a Unicam SP 1800 ultraviolet spectrophotometer. Fractions albumin was removed from the medium by repeated centrifugation and washing of the pellet with buffer free of bovine serum albumin. A certain amount of pigment remains in the supernatant at each stage of washing. It seems likely that this is accompanied by a loss of plastid protein, so that whilst this method may be used to estimate the protein content of purified etioplast preparations, it is not possible to make comparisons on a protein basis between stages of the isolation procedure.
Estimation of Phytochrome Content. Total phytochrome was measured at 250 using a Perkin Elmer 156 Dual Wavelength Spectrophotometer. Calcium carbonate was used to increase light scattering over a 1 cm pathlength. Actinic and measuring beams were set at 660 nm and 730 nm. All samples were pre-irradiated with sufficient red light to effect maximum conversion of protochlorophyllide to chlorophyllide prior to measurement. Actinic irradiations were of 30 sec duration. The difference spectrum was constructed at 00 using 800 nm as a reference wavelength.
Estimation of Nucleic Acid Content. Total nucleic acids were extracted and fractionated on polyacrylamide gels according to the method of Jackson and Ingle (11) .
Electron Microscopy. The purified etioplast suspension was recentrifuged at 6000 X g for 1 min and the resulting pellet fixed in 1% Millonigs buffer (12) (5), the elution profile in Fig. 1 shows only one peak of absorption at 260 nm before the stationary phase of the column packs and further elution is prevented. Fractions 40 to 55 were pooled, examined by electron microscopy, and found to be predominantly composed of intact etioplasts (Fig. 2) . It is thought the packing of the column soon after the elution of this peak prevents the elution of those fractions contaminated with mitochondria and broken plastids.
Gel scans of total nucleic acid composition of (A) the filtered homogenate, (B) the second crude plastid pellet, and (C) the purified etioplast suspension, can be seen in Fig. 3 ed to a saturating red irradiation of 5 min duration and then replaced in darkness. The level of gibberellin-like activity extractable into 75% methanol is substantially increased within 5 min of the termination of irradiation, whereas the level of activity extractable from suspensions held in darkness is not significantly changed. There is no increase in the level of activity in samples irradiated with far-red light immediately after red light.
Thin-layer chromatography of extracts (Fig. 5 ) indicates a major zone of activity in the dark controls at RF 0.3 to RF 0.6. After 5 min of red light followed by 5 min of darkness (Fig. Sf) , the level of activity in this zone is significantly enhanced but migrates into two distinct peaks. There is an accompanying increase in activity at zones 0.2 and 0.9. This pattern is maintained after 10 min of darkness with some further increase in these zones. Far-red irradiation after red light treatment prevents the increase in activity seen in samples held in darkness after red irradiation. The major zone of activity in red/far-red treated samples was distinguishable between 0.4 and 0.6 RF after 5 min of far-red light. No distinct pattern was distinguishable after 10 min of far-red light. Results of a generally similar nature were recently reported for wheat plastid preparations (13) . Unfortunately, the significance of this report cannot be assessed due to the complete absence of any characterization of the plastid preparations used.
The rapidity of this response suggests that red light stimulates the production of the freely extractable hormone from a pre-existing form. As it is known that more gibberellin-like activity can be found in extracts of isolated chloroplasts whose membranes have been ruptured by ultrasonication than in extracts of intact chloroplasts (14) , it is possible that substances with gibberellin-like activity are confined within the etioplast and are not freely extractable into 75% methanol from suspensions of intact etioplasts. This hypothesis was tested in the following manner: one half of an etioplast preparation was sonicated for 1 min in 20-sec bursts, the sample tube being embedded in ice to prevent any rise in temperature during the process; the remaining half was retained untreated. The intact and sonicated samples were brought to 240 and extracted for acid ethyl acetate-soluble gibberellin as described. From Fig. 6 it can be seen that three times the GA3 ig. Extracts were made either of the total suspension (T), or of pellet (P) and supernatant (S) fractions after centrifugation. activity extractable from intact etioplast suspensions may be extracted from suspensions after membrane rupture by ultrasonication. There is a marked increase in the content of nonpolar, i.e., rapidly migrating, substances extractable from ultrasonicated preparations. The intact etioplast envelope, therefore, prevents the expression of activity of gibberellin-like substances present within the etioplasts held in darkness. Table 1 shows a comparison of the level of gibberellin-like substances extractable from intact suspensions of etioplasts and etioplast suspensions that have been sonicated immediately prior to extraction. The level of activity extractable from intact suspensions increases rapidly after red irradiation, the greatest activity being observed after 5 min of red light plus 5 min of darkness. Differential centrifugation of this suspension at 6000 X g for 1 min to pellet the etioplasts reveals that the bulk of activity is retained in the supernatant. The level of activity extractable from irradiated preparations sonicated just before extraction remains constant over the period of' red irradiation and exhibits a slight increase after a 5-min dark period after irradiation. It appears from these data that the initial increase in gibberellin level observed in the response to red light is due entirely to release of activity from the etioplast, but there are rapidly initiated reactions that involve a detectable stimulation of gibberellin production over that already present in the etioplast.
Detection of Etioplast Phytochrome. Since it is evident that isolated etioplasts respond specifically to red and farred irradiation, the possible presence of phytochrome in the etioplast was investigated optically in fractions eluted from the Sephadex column. Phytochrome was detectable in those fractions eluted from the column that have been shown to contain etioplasts (Fig. 7) . The pigment was not detectable at any other point along the elution profile. At pH 7.1 in the absence of Mg++ ions the binding of phytochrome to membranes isolated from unirradiated tissue is extremely low (15) . It would, therefore, be expected that any phytochrome not specifically associated with the etioplast would be retained in the supernatant during the initial stages of the separation procedure, and it can be concluded from these data that a proportion of total cellular phytochrome is either bound to the etioplast or present within the etioplast.
Additional evidence for etioplast phytochrome is given by the difference spectrum of the etioplast suspension (Fig. 8) . The difference spectrum is clearly that of phytochrome, although there is some distortion due possibly to partial degradation of the high levels of protochlorophyllide present in these samples.
DISCUSSION
Significant levels of gibberellin-like activity have been found associated with chloroplast preparations from the leaves of several higher plants (14) . The level of extractable activity may be increased by ultrasonication of the preparations, and this result has been interpreted as an indication of gibberellins being confined within the plastid and released on membrane rupture (14) . It is evident from these data that a similar situation exists in etioplasts isolated from darkgrown barley leaves. Low (18) and its reported association with other subcellular membrane structures such as the plasmalemma (4), nucleus (19) , rough endoplasmic reticulum (20) , and mitochondria (21) , this evidence supports the hypothesis that phytochrome is located in intimate association with specific critical membranes over which it exerts a regulatory function (1, 22) .
It appears likely that release of gibberellin from the etioplast is an active transport process. The question as to whether phytochrome regulates the passage of gibberellin in a specific manner involving gibberellin "transport factors" or in a nonspecific manner such as by the regulation of ATP levels in the etioplast is open to speculation. Whilst the first alternative represents a mechanism specific to gibberellin control, the second is generally applicable to phytochrome phenomena. The cell-free system described here provides an excellent opportunity for investigating these possibilities and should prove of value in achieving a greater understanding of the role and action of phytochrome. 
